Spitzer IRAC and MIPS images of the Trifid Nebula (M20) reveal its spectacular appearance in infrared light, highlighting the nebula's special evolutionary stage. The images feature recently-formed massive protostars and numerous young stellar objects, and a single O star that illuminates the surrounding molecular cloud from which it formed, and unveil large-scale, filamentary dark clouds. The hot dust grains show contrasting infrared colors in shells, arcs, bow-shocks and dark cores. Multiple protostars are detected in the infrared, within the cold dust cores of TC3 and TC4, which were previously defined as Class 0. The cold dust continuum cores of TC1 and TC2 contain only one protostar each; the newly discovered infrared source in TC2 is the driving source of the HH399 jet. The Spitzer color-color diagram allowed us to identify ∼160 young stellar objects (YSOs) and classify them into different evolutionary stages. The diagram also revealed a unique group of YSOs which are bright at 24µm but have the spectral energy distribution peaking at 5-8µm. Despite expectation that Class 0 sources would be "starless" cores, the Spitzer images, with unprecedented sensitivity, uncover mid-infrared emission from these Class 0 protostars. The mid-infrared detections of Class 0 protostars show that the emission escapes the dense, cold envelope of young protostars. The mid-infrared emission of the protostars can be fit by two temperatures of 150 and 400 K; the hot core region is probably optically thin in the mid-infrared regime, and the size of hot core is much smaller than that of the cold envelope. The presence of multiple protostars within the cold cores of Class 0 objects implies that -2 -clustering occurs at this early stage of star formation. The TC3 cluster shows that the most massive star is located at the center of the cluster and at the bottom of the gravitational-potential well.
processed with the Spitzer Science Center (SSC) pipeline 1 . For individual frame data known as "Basic Calibrated Data" (BCD), outlier rejection was applied to remove cosmic rays, and dark and flat fields were also applied. The full-width-half-maximum (FWHM) of the point-spreadfunction (PSF) is approximately 1.7 ′′ in the IRAC images and 6 ′′ in the MIPS 24µm image. The uncertainty of the calibration is less than 5% for all IRAC wavelengths and less than 10% for the MIPS 24µm. The photometry for the sources was performed using aperture photometry, IRAF APPHOT (we used aperture sizes of 4 ′′ , 4 ′′ , 5 ′′ , 6 ′′ and 14.7 ′′ for IRAC bands 1, 2, 3, 4 and MIPS 24µm, respectively) and the photometric errors are less than 0.1 mag; when the sources are located at bright diffuse emission, the photometric uncertainty are higher. The zero-magnitude flux densities are 280.9, 179.7, 115.0, 64.13 Jy for IRAC bands 1, 2, 3, and 4, respectively (Reach et al. 2005) , and 7.15 Jy for MIPS 24µm. The number of extracted sources (S/N> 5) is 21,400 at 3.6µm, 2,665 at 8µm, and 541 at 24µm.
We also performed follow-up near-infrared observations using the Palomar 200-inch Wideinfrared Camera (WIRC). The data were taken on Aug [23] [24] [25] [26] 2004 and the exposure time was 60 sec per sky position. The sensitivities in near-infrared observations are ∼20.0 mag for J and H bands and ∼17 mag for K s band. The photometry at all wavelengths was merged into a catalog for sources detected at 8µm.
Spitzer infrared images and the color-color diagram
The Spitzer IRAC and MIPS images of the Trifid Nebula (see Figure 1 ) reveal its spectacular appearance in infrared light, highlighting the nebula's special evolutionary stage. The images feature recently-formed massive protostars and numerous young stellar objects, and a single O star that illuminates the surrounding molecular cloud from which it formed, and unveil largescale, filamentary dark clouds. The hot dust grains show contrasting infrared colors in shells, arcs, bow-shocks and dark cores. The 8µm emission represents polycyclic aromatic hydrocarbon (PAH) structures coinciding with the optical dust lanes and shows stripped clouds evaporating through strong UV radiation of the exciting O star, indicating that the PAH is only partially destroyed in H II regions. Numerous young stellar objects are detected as apparent color excesses in red or yellow.
By using multi-wavelength photometries, we generated the color-color diagram shown in Figure 2 and the spectral energy distributions (SEDs) of the infrared excess stars. In the color-color diagram, main sequence stars fall near (0,0) magnitudes. The protostars (Class I/0) are the reddest sources, toward the upper-right of Figure 2 , and young stellar objects with disks (Class II) are intermediate. This color-color classification is based on infrared colors of YSOs (Reach et al. 2004) . We also confirmed the color-color classification with the full SEDs of each category of YSOs.
In the SEDs, Class I/0 SEDs rise from near-infrared to 24µm, while Class II SEDs decrease in the near-infrared but show infrared excesses in comparison with the photosphere, as shown in Figure  3 . A large population of young stellar objects is present as listed in Table 1 : 37 in Class I/0, and 111 in Class II. The extinction vector is shown in the color-color diagram (Figure 2 ). The extinction towards Trifid is only A v =1.3 (Lynds & O'neil 1985) , so it can only change the colors of [8]-[24] =0.04 mag and [3.6]-[5.8]=0.02 mag, which is too small to affect the classification. However, considering the local extinction towards YSOs, classification of the objects which fall at the boundaries between the Class 0/I and Class II objects in Fig. 2 .5 appears in the Spitzer colorcolor diagram; their SEDs peak between 3 and 8µm and typically they are bright 24µm sources. We name them "Hot excess" young stellar objects, because of the extra, hot (∼500K temperature) component. We note that one of these sources is a B-type emission line star, LkHα 124, indicating "Hot excess" stars are YSOs. The "Hot excess" stars could mostly be Herbig Ae/Be stars; such stars are believed to be the intermediate mass analogue of T Tauri stars. In order for Class II objects to be "Hot excess" YSOs, a high extinction (A v >25 mag) is required. Another possibility is the "Hot excess" YSOs are Class I/0 protostars with an extra hot component from more active accretion than typical, in addition to the cold envelope. We have noticed that the number of "Hot excess" YSOs in the Trifid Nebula is higher than those in other star-forming regions (an example is Figure 2 of Muzerolle et al. 2004 ); this may be related to the fact that the Trifid Nebula is in a dense star-forming environment with a high UV-radiation-field. Far-infrared observations would be needed to unambiguously identify the evolutionary stage of the "Hot excess" YSOs.
The supergiant star HD 164514, A7Iab, is responsible for the blue optical reflection nebula on the northern side of the Trifid Nebula, and is not an young stellar object. This star is located at the top left in the color-color diagram ([8]-[24] <1.5 and [3.6]-[5.8]>1.5) in the region marked as "Giants" in Figure 2 ; note that it is located far to the left of "Hot excess" stars. Other sources at the same location in the color-color diagram may be similar objects because of similar infrared colors. We also examined the sources with very high color excesses in [8]-[24] (>5) but no color excess in [3.6]-[5.8] (=0 to 1.5), and found that each of the objects has patches of extended emission such as reflection/emission nebulae.
We compared the distribution of YSOs in the Spitzer images with the cold dust continuum map (Cernicharo et al. 1998 ). Most of the protostars (Class I/0) are distributed along the dark filamentary cloud on the western side of M20 (see Figs. 1 and 6) and along the optical dust lanes that trisect the H II region. Most of the Class II stars, on the other hand, are distributed along the ionization fronts of the Trifid Nebula, following the circular shape of the H II region. While protostars coincide with the dust continuum cores, TC1 to TC4, they are not always precisely correlated with the dust emission peaks.
Just north of the Trifid Nebula is a region containing a surprising number of protostars (R.A. 18 h 02 m 42.28 s and Dec. −22 • 48 ′ 44.8 ′′ , J2000). Both the diffuse mid-infrared emission and the distribution of young stellar objects in the 8µm and 24µm maps suggest that this is a small H II region with active star formation. A heating source is indicated by the presence of bright 24µm emission from hot dust grains, and PAH-rich dust lanes surround the nebula as in the Trifid proper. We analyzed a 20cm VLA map (Yusef-zadeh et al. 2000) , and adopting an electron temperature of 10 4 K and a recombination coefficient of 2.7×10 −13 cm 3 s −1 , we found an integrated flux of 0.8 Jy and a radiative recombination rate of 10 47.23 s −1 . The ionization rate is consistent with a young B0/O9.5 star or an evolved B0.5 (giant or supergiant). Hence, we suggest a massive star is hidden in the area, which implies that the region north of the Trifid Nebula proper is a separate H II region, which we named "Trifid Junior."
4. Mid-infrared Emission from Protostars and Multiple-protostars within the dust continuum cores
We identified 5 protostars within the dust continuum cores of TC3 and TC4; they are listed in Table 2 and shown in Figures 5 and 6 . The Spitzer color-color diagram shows that most of the infrared sources are Class I/0 protostars and two sources are "Hot excess" stars. Figure 6 shows three color Spitzer images superposed on dust continuum contours. The TC3 and TC4 condensations have been classified as Class 0 protostellar cores. Previously, ISO observations at 70 ′′ resolution implied the presence of a cold component at temperatures of ∼20 K for both TC3 and TC4 (Lefloch & Cernicharo 2000) .
We constructed the spectral energy distribution of each infrared Class I/0 protostar within the TC3 and TC4 cores, from 1.25-24µm combining the Palomar, IRAC, and MIPS 24µm data. The luminosities are derived from the SEDs between 1.25-24µm and are listed in Table 2 . All protostars show rising SEDs from near-through mid-infrared. Figure 4 shows the SEDs of a few protostars within the TC4 and TC3 cores. The depression in the 8µm flux relative to the apparent continuum at 5.8 and 24 µm, is noticeable particularly for TC3A, TC3E, TC4A and TC4D. This is likely due to presence of deep silicate absorption. By using multi-color-temperature fits to the SEDs, we estimated the luminosities of TC4 and TC3. Here we added millimeter and 160µm fluxes; the dust continuum sources TC4 and TC3 have millimeter fluxes of 0.6 and 0.92 Jy integrated over the half-power contours, respectively (Lefloch & Cernicharo 2000) . The mid-infrared fluxes for TC3 and TC4 include the sum of TC3A-TC3C and of TC4A-TC4B, respectively, because they are within the 50% millimeter contours of TC3 and TC4 cores. We also generated the SED of TC4A, the brightest infrared source in the TC4 core, assuming a significant amount of the 1.3mm flux is from Component A. To fit this SED, we use multiple components: a cold envelope with temperature and optical depth determined by the 160-1250µm data, and warm component mostly required by the 24µm point, and two hot components to match the near to mid-infrared points. The warm and hot components are extinguished by the envelope, but are probably optically thin themselves (see section 5 for details). The SEDs of TC3, TC4 and TC4A, have similar best-fit temperatures of T cold = 22 K, T warm = 150 K, T hot1 = 400 K, and T hot2 = 1300 K. An example SED of TC4A is shown in Figure 7 . The SEDs of the TC4 and TC3 cores when adding the mid-and near-infrared fluxes, yielded total luminosities of ∼1200 L ⊙ and 1700 L ⊙ , respectively. This implies that the protostars are moderately massive. The estimated luminosity of TC4 falls in the range of 500-2000 L ⊙ , which was previously estimated by Lefloch & Cernicharo (2000) . The near-to mid-infrared luminosities of the infrared protostars range from 1 to 32 L ⊙ as listed in Table 2 . The warm and hot temperature components contribute less than a few percent of the total luminosity. However, the mid-infrared detection from the earliest protostars is new, which is important for understanding of their SEDs.
The MIPS 24µm data points are fit by a temperature of ∼150 K; we suggest that this emission originates from the warmer, inner part of the cold envelope. Most of the IRAC data points are fit by a temperature of ∼400 K. The SEDs indicate that the protostars are hot cores within cold, dense envelopes and hot cores require internal heating. For TC4A, TC4C, and TC3D, the nearinfrared emission requires a color temperature of ∼1300 K; the other sources in Table 2 have one or two band detections in the near-infrared and their SEDs do not require the presence of the 1300 K temperature component. Our detection of the extremely hot temperature of 1300 K, close to the dust sublimation temperature (the exact sublimation temperature depends on particular dust properties), is the first one from the earliest-type protostars as far as we are aware. TC4C and TC3D were classified as "Hot excess" stars so they may be in somewhat advanced stages like Class I or II. However, it is surprising to find near-infrared emission from TC4A, the brightest infrared protostar in the TC4 core, which is believed to be a Class 0 object (Lefloch et al. 2002) . Some possible explanations are as follows. First, TC4A may have a star inside the envelope; in other words, nucleosynthesis may have already begun in the core. This implies that there is no clear evolutionary distinction between Class 0 and Class I. Another possibility is that the nearinfrared emission is light scattered directly from the central source. Recent theoretical simulations by Indebetouw et al. (2005b) showed that near-infrared emission from protostars is a few times brighter when the envelope has a clumpy medium, due to scattered-light from the central source. When we examined our near-infrared images, we noticed that some of the protostars may have extended near-infrared emission around the point-like sources. The narrow-filter images did not show any excess emission such as in H 2 and [Fe II]; this result supports the hypothesis that the near-infrared emission may be scattered-light rather than a powering source of a jet or outflow. We also cannot rule out the possibility that near-infrared counterparts are from low mass companions. However, we favor the hypothesis that the near-infrared emission is scattered-light directly from the central source over a possibility of a star inside the cold envelope or from companions.
The mid-and near-infrared luminosities (L mid−IR ) were estimated using the fits to the SEDs from 1.2 to 24µm fluxes, as shown in Table 2 . TC3A, the brightest 24µm protostar in the TC3 core, is located in the millimeter peak and at the center of the core. However, the brightest 24µm source in the TC4 core, TC4A, is slightly off center. The second dust continuum peak in the TC4 core (TC4b in Lefloch & Cernicharo 2000) dust continuum peak contains the Spitzer infrared sources of TC4D and TC4E, and has an envelope mass of 11 M ⊙ (Lefloch & Cernicharo 2000) . Five protostars in the TC4 core have mid-infrared luminosities ranging between 6-32 L ⊙ , and the protostars in the TC3 core have between 1-16 L ⊙ . This suggests that protostars within the TC3 and TC4 cores are composed of a mixture of different-mass YSOs.
In contrast to TC3 and TC4 systems, the dust continuum cores of TC1 and TC2, contain only one protostar for each, as listed in Table 2 and shown in Figure 5 . The infrared protostars were identified as Class I/0 by using the color-color diagram. A heated dust shell appears around the protostar in the TC1 core, as shown in Figure 5 , and the infrared shell surrounds the dark cold envelope. The images of the TC2 dust core unveil a point source lying along the axis of the HH 399 jet (see also Fig. 5 ) and the point source has typical protostellar colors. The SEDs of the protostars of the TC1 and TC2 infer that both bolometric luminosities are ∼600 L ⊙ and the mid-infrared luminosities are 19 and 24 L ⊙ for TC1 and TC2, respectively.
Discussion
The detection of multiple mid-infrared protostars from the cold dust cores is a new result. How does the mid-infrared emission leak through thick envelopes of material infalling onto the stars? Isn't the mid-infrared emission absorbed by the cold and thick envelopes? We can address where the emission arises, how the dust is heated, and how the emission escapes cold cores. The cold envelope sizes of the TC3, TC4, and TC4b cores are 0.2, 0.2, and 0.16 pc, respectively , which were determined by Lefloch & Cernicharo (2000) , using the 50% contour in the millimeter flux map. The estimated optical depth is:
where F 1250 is the mm-wave flux, Ω is a solid angle of the source size, B ν (T) is a black body Planck function at a temperature of T, and R is a source radius in unit of pc. The optical depths of the TC3, TC4, and TC4b cores are between 0.7-2.5 ×10 −3 (for a temperature of 22 K). The corresponding optical depths at 8µm were determined using τ 8 = τ 1250 × (1250/8) α 1 (8/100) α 2 , where α 1 = 2 is the extinction slope between 100-3000µm and α 2 = 1 is the extinction slope between 10-100µm (Li & Draine 2001) ; this yields τ 8µm ∼ 1-7. The corresponding visual extinction was determined using A 8µm /A K = 0.5 (Draine 2003) ; this yields a total extinction of A v ∼ 20-150.
Despite the high extinction of the envelope and the high optical depth of the protostars (estimated using a temperature of 22K) at 8µm, apparently we observed mid-IR emission from the early protostars. We note that the optical depths of 150 K and 400 K components are much smaller, more than one magnitude smaller than that of the cold (22 K) envelope. From the SED fits (see Fig. 7 ) we estimated that the optical depth of the 8µm emitting region is < 10 −3 for the warm and hot temperature components, which suggests that the accretion region is probably optically thin if it is larger than ∼ 10 AU. In addition, the Spitzer images revealed that the infrared sources of the protostars were point-sources, inferring that the regions emitting 400 K and 150 K would be smaller than the PSF radii of the IRAC and MIPS 24µm images, which are 0.007 pc (= 1500 AU) and 0.025 pc (= 5×10 3 AU), respectively. This is consistent with the models of the massive protostars (Osorio et al. 1999) ; the cold component (responsible for far-infrared and 1300µm emission) would be emitted from a region > 10 4 AU from the central source, while the 400 K component (responsible for mid-infrared emission) would be from < 1500 AU region. The mid-infrared emission can escape the dense envelope; it suffers a modest mid-infrared extinction but traces the emission directly from the accretion region. Previous ISO observations showed similarly mid-infrared counterparts of a few low mass Class 0 objects in other star forming regions . New Spitzer observations of Class 0 objects also detected mid-infrared protostars in L1014 (Young et al. 2004) and Cepheus E (Noriega-Crespo et al. 2004 ). The detections infer that the region of hot core in early protostars is optical thin at the mid-infrared regime, and the size of hot core is smaller than the cold envelope.
The mid-infrared emission is powered by accretion of envelope material onto the protostar, and most of the bolometric luminosity at the early stage of the protostar is from accretion. The accretion rate is given by McKee & Tan (2002 , 2003 :
where ǫ core is the fraction of the total core mass (M core ), φ P is the ratio of the core's surface pressure to the mean pressure in the clumps, f gas is the fraction of the cloud's mass that is in gas, as opposed to stars, Σ cl is a mean mass column density, m * (=ǫ core M core , where M core is the total core mass) is the instantaneous mass (the current mass), and m * f is the final mass of the star. We used the values of Σ cl =1, ǫ core =0.5 and φ P =0.663 (see McKee & Tan (2002) for details). The bolometric luminosity is the sum of the internal and accretion luminosity (L bol = L int + L acc ). The accretion luminosity is given by McKee & Tan (2003) :
where f acc (<<1) is a factor that accounts for the energy advected into the star or used to drive protostellar outflows.
The internal luminosity, L int , is equal to the luminosity transported by radiation and is determined mostly by the stellar mass (L int ∝ M 5.5 * R −0.5 * ∝ M * ). A simple formula cannot be used for a wide range of masses of stars, because as the mass increases, the relative contribution of the Kramers and electron scattering opacities changes (Nakano et al. 2000) . Therefore, in order to estimate the mass of star from the bolometric luminosity, we directly used Figure 2 . We estimated accretion rates using the equation 2 for a grid of final masses of 7.5, 30 and 120 M ⊙ . The accretion rates for TC3 and TC4 are 1-5×10 −4 M ⊙ yr −1 and 0.9-4×10 −4 M ⊙ yr −1 , respectively. We also estimated the current masses and the accretion rates of TC1 and TC2 using L bol of 600 L ⊙ ; the current masses are 1-3 M ⊙ and the accretion rates are 0.8-1.7×10 −4 M ⊙ yr −1 . The estimated accretion luminosities infer that high portions of the bolometric luminosities are from accretion luminosities in the early stage of massive-star formation. The timescale of the infalling stage is determined mainly by the conditions in the stars' natal cloud and weakly depends on the mass of stars.
In the study of massive-star formation, a fundamental open question is how clusters are formed. Do massive dense cores have internal substructures? Do clumps evolve independently to produce stars, or do they share a common evolutionary process? Are apparent-single stars born single, or are they born in groups and subsequently ejected? While low-mass stars are believed to be produced mainly through accretion (Lada 1991) , there are two main scenarios to explain high-mass star formation. One scenario is through accretion, like that of low-mass stars but with higher accretion rates; the other scenario is through formation of high-mass stars through coalescence of lower-mass protostars. We found 5 protostars for each of TC3 and TC4 cores, and the brightest and the most massive star in each cluster is located in the dust continuum peak (see Table 2 ), implying these systems are possible protoclusters. The brightest protostar appears near the center of the dust continuum peak. The brightest 24µm source in the TC3, TC3A, is located in the millimeter peak and at the center of the core. Within the cluster, as the separation of TC3B-TC3C from the largest star of each Component A increases, the mid-infrared luminosity decreases in the case of the TC3 core, as shown in Table 2 . This suggests that the brightest and most massive star among 4 protostars is located at the bottom of the gravitational potential well and is located where it formed, although the mid-infrared luminosities may not be directly correlated with the total bolometric luminosities. Accretion from gas or nearby fragmented clumps is found through the accretion of residual gas onto relatively low-mass cores. This picture may be consistent with the mass segregation, in young stellar clusters, and competitive accretion proposed by Bonnell & Davies (1998) and Bonnell et al. (2004) . However, the brightest 24µm source in the TC4 core, TC4A, is slightly off from the center of the millimeter peak, although TC4A is still the largest star in the cluster and the closest star to the dust continuum peak. The mid-infrared luminosity of TC4B is also smaller than that of the TC4A. It is unknown how these mid-infrared luminosities correlate with the total bolometric luminosities for individual sources. Comparable resolution farinfrared or millimeter observations are required in order to answer this question. Unfortunately, even through the Trifid Nebula is one of the nearest massive-star-forming regions with a distance of only 1.68 kpc, protostars in the Trifid as well as other comparable massive-star-forming regions are not bright enough for such observatories as the submillimeter Array (SMA). Future far-infrared observations with comparable spatial resolution are needed to answer this question.
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